The special properties of optimal systems have been already identified. Besides, criteria has been formulated to assess the proximity of optimal solutions to the minimal material consumption. In particular, the criteria were created for rods with rectangular and I-beam cross-section with stability constraints or constraints for the value of the first natural frequency. These criteria can be used for optimization when the cross sections of a bar change continuously along its length. The resulting optimal solutions can be considered as an idealized object in the sense of the limit. This function of optimal design allows researcher to assess the actual design solution by the criterion of its proximity to the corresponding limit (for example, regarding material consumption). Such optimal project can also be used as a reference point in real design, for example, implementing a step-bystep process of moving away from the ideal object to the real one. At each stage, it is possible to assess the changes in the optimality index of the object in comparison with both the initial and the idealized solution. One of the variants of such a process is replacing the continuous change in the size of the cross sections of the rod along its length with piecewise constant sections. Boundaries of corresponding intervals can be selected based on an ideal feature, and cross-section dimensions can be determined by one of the optimization methods. The distinctive paper is devoted to criteria that allow researcher providing reliable assessment of the endpoint of the optimization process, and the second part of the material presented contains corresponding numerical examples, prepared in accordance with the theoretical foundations given in the first part.
EXAMPLE 1
Let us consider a straight cantilever rod (structure), the span of the structure of rectangular cross section is equal to 6  l m. Let the structure be loaded with a longitudinal force 300000  P N and corresponding intensity of distributed mass is equal to 75 ) (  x m kg/m. After the transition to corresponding discrete model (including 25 segments), the nodal mass is be equal to 18kg. Specific mass is equal to 2400   kg/m 3 . The given value of the first circular natural frequency is equal to 20 0   s -1 , the elastic modulus of the material is equal to 24000  E MPa (Figure 4a ) [8, 9] . Since the boundary conditions in both main planes of inertia are the same, when optimizing the cross-section should be square. Let us first consider the use of criterion (22) for evaluating optimization stages [1-7, 9, 10] for the case when the cross sections change continuously. Optimization is performed by random search. For the initial approximation, a rod of constant cross-sectional length is taken with the ratio
. The values of the desired parameters at the first exit to the boundary of the region of feasible solutions turned out to be equal to 3039 .
m. In this case, the objective function is equal to 3 . The results of the three stages of the search are summarized in Table 1 . The results of the first stage are obtained after 1000  n attempts of the random search method, the second after 1500  n attempts, the third when 2000  n . The second column of Table 1 shows the values of the cross-sectional dimensions at the first exit to the boundary of the region of feasible solutions The penultimate row of  the table shows the values of the objective function 0 V at each stage, and the last one shows its percentage reduction compared to the initial one. Columns 3, 5, 7 show the sizes of the cross sections obtained at each stage, and in columns 4, 6, 8 the values of criterion (22). The table shows that the values of the objective function in comparison with the first stage are almost not reduced. The differences concern only the fourth significant digit. The difference in the size of some sections concerns the third significant digits. However, the values of criterion (22) in the first and second stages indicate that the optimization process is not completed. The values of criterion (22) at the third stage are close to unity, which allows researcher to confidently make a decision about stopping the optimization process at this stage. ] The values of criterion (22) at the third stage are close to unity, which allows researcher to confidently make a decision about stopping the optimization process at this stage. The results obtained determine the core of minimal material consumption. The shape of the cross-sectional dimensions of this rod ( ] Figures 3b and 3c . If technological requirements do not allow such a law to change the size of cross sections, but allow a piecewise-constant change in cross sections, then the choice of the boundaries of such sections is determined not only by technological requirements knowledge, but also the desire to come closer to a minimally material-intensive solution. Suppose that technological requirements are allowed for the design of the rod from three sections, in each of which the dimensions of the cross sections do not change. Suppose that additional restrictions are also imposed on the length of sections, for example, such as
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Let us consider two options for the boundaries of the segments. Variants of the boundaries of the segments and the corresponding segment sizes obtained by optimization are shown in Figures 4b and 4c and are shown in Table 2 . Both criteria are given because, as noted above, in each piecewise constant segment, criterion (24) is implemented as the average value of criterion (28) per unit length of the segment. The values of criterion (24) in both cases turned out to be close to unity, which indicated the possibility of completing the optimization processes. The objective function of the minimum material-intensive solution ( 3 , which is 34.52% less than the original version. In the second version, the objective function is equal to 3645 . 0 0  V m 3 , which is 34.24% less than the original version. Thus, the first option for choosing the boundaries of the plots is less material-intensive. Note that the minimally material-intensive option contributed to the selection of the boundaries of the segments, allowing researcher to choose options that are closest to it.
EXAMPLE 2
Let us consider an example of the use of criterion (50) for the case when stability constraints are introduced.
Particularly let us consider a straight-line simply supported rod of an I-section with a span м l 6
 loaded with longitudinal force Н P 9000000  (Figure 5a ). The modulus of elasticity of the material is equal to
. It is required to determine the shape of the shelve of the I-beam in such a way that the critical force would not be greater than the acting force, and the volume of material of the shelf would be minimal. The stability constraint can be written as
Besides, the objective function has the form (37). We will carry out optimization by a random search method based on a discrete model from 25 segments. Let's consider three versions. Within the initial version a shelf of constant section length is taken. The values of its sizes are determined at the first exit to the boundary of the region of feasible solutions. They turned out to be equal to . The results of this version are presented in the second column of Table 3 and in Figure 5b . Table 3 . Information about variants of solution of the second example.
No. In the second version, a continuous change in the size of the width of the shelf is considered.
Here, the criterion for stopping the optimization process is the proximity of the normalized value of criterion (32) to unity. In sections 1 and 25, the criterion is significantly different from unity, which is explained by the achievement of the width of the shelf the size of the wall thickness and the optimization process stopping in these sections. The results of this option are shown in columns 3 and 4 of Table 3 and in Figure 5b . The objective function in this version is equal to
, which is 19.20% less than the original version. In the third version, a piecewise constant change in the width of the shelf is considered. As noted above, the choice of the boundaries of segments where sizes do not change is determined by both technological requirements and the desire to get as close as possible to a minimally material-intensive solution, in this example, a solution according to the second version. Let us assume that the technological requirements allow the design of the rod from three sections. Since the purpose of the example is to illustrate the crite-rion (50), then, given the limitation of the size of the paper, we consider only one option for choosing the boundaries of the segments ( Figure  5 ). The optimization results of this version are shown in columns 5, 6, 7 of Table 3 and in Fig-ure 5b . The values of criterion (50) (column 7 of Table 3 ) in all sections are close to unity, which allows the optimization process to be stopped. The goal function in this version is equal to
, which is 13.18% less than the original version.
107 Figure 6 . About the third example.
EXAMPLE 3
Let us consider an example illustrating the application of criteria for multi-span rods. In particular, let us consider a two-span rod of an I-section, loaded with longitudinal force Н P 5000000  and bearing a distributed mass m kg x m / 200 ) (  (Figure 6a ). The modulus of elasticity of the material is equal to МПа E 206000  , specific gravity is equal to . It is required to determine the shape of the shelve of the I-beam in such a way that the first frequency of natural vibrations would be no more than a given value Table 4 and in Figure 6b Table 4 ) in all sections are close to unity, which allows the optimization process to be stopped. The goal function in this version is equal to 3 0 0.0813 м V  , which is 17.57% less than the original version.
